Purpose: With the advent of conservative therapies including photodynamic therapy and endoscopic mucosal resection for Barrett's and high grade dysplasia, accurate staging has become increasingly important. We report our experience with endoscopic ultrasound (EUS) in these patients.
IntroductIon
Barrett's oesophagitis is defined as metaplasia within the distal oesophagus from squamous to columnar epithelium in response to prolonged gastro-oesophageal reflux. This has the potential to develop dysplasia and subsequently invasive malignancy. The risk of adenocarcinoma in simple Barrett's has been estimated at 1% per year, however with high grade dysplasia this rises to 4.7%. This risk is also elevated where Barrett's is associated with a stricture or mass 1 .
Previously, high grade dysplasia within an area of Barrett's was an indication, in suitably fit patients, for oesophagectomy. This however has a significant morbidity and mortality rate. Recently, endoscopic treatments such as photodynamic therapy (PDT), which involves the administration of various photosensitive agents and subsequent laser exposure, as well as endoscopic mucosal resection (EMR) have been developed. These allow high grade dysplasia, or in some cases early invasive malignancy, to be managed more conservatively with similar outcome to oesophagectomy 2, 3 . This is dependent on accurate staging as more deeply invasive disease is not adequately managed with local treatments and can often be missed by endoscopic biopsy alone. 4 Endoscopic ultrasound (EUS) is well documented to accurately demonstrate the layers of the oesophageal wall (Figure 1 ), leading to accurate local staging of malignant oesophageal disease 5, 6 .
The purpose of this study was to evaluate our experience of the use of EUS in patients with Barrett's oesophagitis and dysplasia.
MaterIals and Methods
We retrospectively reviewed our use of EUS in twenty five consecutive cases of complex Barrett's oesophagitis, that is those associated with high grade dysplasia, or dysplasia with a mass or stricture. These cases were performed by two consultant radiologists with an interest in EUS in two centres between January 2005 and September 2007 using radial electronic echoendoscopes ( Pentax EG/3630UR, Hitachi
Medical Systems, UK and Olympus MH 908, Olympus, USA). The radiology, pathology and endoscopy records of these patients were reviewed. The EUS findings were compared with any subsequent oesophagectomy pathology specimen, or with subsequent endoscopy and biopsy follow up.
The local ethics committee was consulted but advised that full ethical approval was not required for such a retrospective study.
results 25 consecutive patients who had undergone EUS were studied. This comprised 22 males and 3 females, with a mean age of 63 years (range 37 -83 years). All were referred for assessment of known Barrett's oesophagus. The indications are summarised in Figure 2 .
The EUS in 9 of these patients was reported as showing probable invasive tumour, and a T stage was assigned ( Figures  3-5) . Asymmetric or focal thickening of the mucosal layer on EUS was deemed T1 disease, with disease which invading the muscularis propria (T2), and beyond (T3, T4) being more easily recognised. Invasive tumour was confirmed in all 9 cases. 5 underwent oesophagectomy with pathological confirmation. One patient underwent endoscopic mucosal resection where the pathology confirmed the EUS findings of a T1 lesion. 3 patients underwent oncology and palliative care management after subsequent repeat endoscopic biopsy had indicated the presence of invasive tumour, again confirming the EUS findings.
In 16 cases, no significant abnormality or only slight generalised mucosal thickening was seen on EUS. In one of these cases, where the indication was Barrett's and an associated polyp, the findings were less conclusive. There was EUS suspicion of muscularis mucosa invasion, however this was a complex case with a history of oesophageal surgery as an infant, and the subtle EUS findings overall were assessed as 
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The Ulster Medical Journal www.ums.ac.uk not being significant. 13 patients in this EUS "non invasive" group were treated conservatively. 11 of these were followed up with serial endoscopy and biopsy for between 6 months and 1 year. The other 2 patients were not followed up with serial endoscopy because of medical comorbidity. No cases of invasive tumour occurred in these 13 patients up to one year after the EUS examination. One conservatively managed patient who underwent PDT subsequently developed invasive tumour, however this occurred 29 months after the EUS examination. Only 3 patients underwent oesophagectomy in this group. High grade dysplasia was confirmed pathologically in 2 cases. There was however 1 case in which the pathology showed one small focus of invasion consistent with a T1 tumour.
Of the total 25 patients, 8 subsequently underwent oesophagectomy. The pathology matched the EUS findings in 7 of these cases, 5 of which had invasive malignancy and 2 had high grade dysplasia only. Therefore, comparing our EUS findings to histology or prolonged follow up of 6 months to 1 year, EUS has a sensitivity of 90%, a specificity of 100% and a positive predictive value of 100% for invasive disease not suitable for conservative management ( Figure 6 ).
dIscussIon
The f inding of high grade dysplasia in an area of Barrett's oesophagitis was previously an indication for oesophagectomy, More recently, endoscopic treatments including photodynamic therapy (PDT) and endoscopic mucosal resection (EMR), have been shown to be effective in the management of high grade dysplasia and indeed superficial carcinomas. Recent NICE guidelines have stated that such treatments have become established and PDT has been shown to downgrade high grade dysplasia in 77-98% of cases 7 . However, in a suitably fit patient, oesophagectomy is still the gold standard treatment for Barrett's oesophagitis with high grade dysplasia.
Barrett's oesophagitis with dysplasia is traditionally followed up and staged by serial OGD and biopsy for the early detection of invasive disease. There is however a significant sampling error with this. Falk et al showed that invasive tumour was present in up to 40% of oesophagectomy specimens carried out for what was believed to be high grade dysplasia only on multiple endoscopic biopsies-ie. biopsy alone significantly under calls more invasive disease 4 . This is dramatically illustrated by one of our cases referred with high grade dysplasia only, which was found on EUS to have a T4 tumour.
EUS is able to delineate the separate histological layers of the oesophagus and has become well established as the gold standard method for preoperative local staging of oesophageal carcinoma.
EUS has not been shown to be effective in diagnosing dysplasia within an area of Barrett's and it is not recommended for this purpose 8, 9 . It is however indicated where dysplasia is established and conservative (non-surgical) treatment is being considered.
In our study we have compared our EUS findings to the standard of either histology or prolonged clinical follow up. We have used a time scale of 6 -12 months as our follow up standard because these patients undergo OGD and biopsy follow up with a frequency ranging from 3 monthly to annually depending on clinical suspicion. The development of invasive disease from high grade dysplasia is a continuum and therefore to compare the EUS findings with more prolonged follow up is not relevant. This is illustrated by one conservatively managed case, treated with PDT, that ultimately developed invasive disease. This occurred 29 months after the EUS, but this does not represent a misdiagnosis as the EUS findings are only relevant for the initial decision about conservative management.
Also, although a number of these patients underwent photodynamic therapy, it can still be concluded that the EUS findings were accurate as photodynamic therapy is only effective at treating mucosal and early submucosal disease. Therefore if a case with more advanced disease had been missed on EUS it would have been expected to re-present with more invasive disease.
The EUS findings correlated with the surgical pathology in 7 out of 8 cases and the one discrepancy was an under called area of submucosal invasion (T1 lesion). This case does however highlight some of the limitations of EUS in Barrett's with early cancer, and raises issues as to our future management of these patients.
The difficulty of EUS is distinguishing between background simple Barrett's inflammatory change and early mucosal invasive tumour, both of which will show thickening of the mucosal layer only on EUS.
If conservative management is being considered then knowing the precise degree of submucosal extension is important because of the risk of lymph node metastases. For disease limited to the mucosa (T1a) this risk is virtually 0%, however for submucosal disease (T1b) this rises to 16-22% 10, 11 . Obviously local treatments are not suitable for cases where there is significant risk of lymph node metastases.
Endoscopic ultrasound is excellent at diagnosing invasive disease which is T2 and beyond. However EUS is well recognised to be limited in distinguishing between high grade dysplasia and T1a and T1b disease. High frequency EUS probes (20-30MHz) have been advocated for this however a number of studies have not shown this to be accurate in the detection of T1b disease [12] [13] [14] . May et al 15 showed the diagnostic accuracy of submucosal staging with high resolution endoscopy and high resolution EUS to be similarly inaccurate, with sensitivities of only 56% and 48% respectively. Endoscopic mucosal resection should therefore be considered in all potentially conservatively managed cases. EMR provides additional pathological staging, in particular providing accurate information with respect to submucosal invasion, were EUS underperforms 16 EMR has also been shown to adequately treat high grade dysplasia as well as certain favourable cases of T1a disease. A recent review by the Society of Thoracic Surgeons concluded that it was reasonable to treat discrete mucosal disease with EMR. However they also stated that as Barrett's is often multifocal this should be complemented with a mucosal ablative procedure, for example PDT, to completely eradicate disease 17 .
conclusIon
Despite our promising figures we recognise, in common with others, the inability of EUS to distinguish dysplasia from early invasive tumour, even that involving submucosa. Given this it seems unlikely that our present level of success could be consistently sustained over a larger number of cases.
Clearly the weakness of this study relates to the small patient numbers and the high rate of conservative management preventing further definitive pathological correlation in more of the cases.
However, as conservative treatments become increasingly used for the treatment of high grade dysplasia in Barrett's oesophagitis, and given the high positive predictive value of EUS for the diagnosis of more deeply invasive disease, the authors feel that EUS retains an important role in patients with high grade dysplasia prior to EMR or PDT, in detecting unexpectedly advanced disease which clarifies the need for surgery or neoadjuvant treatment.
